Abstract. The properties of bamboo bundles Glulam are directly related to the thickness and binding properties of bamboo bundles. In this paper, a three dimension finite element model of bamboo bundles Glulam is established. The model used Hashin criterion and continuous damage mechanics to analyze the failure and damage evolution of bamboo bundles, cohesive zone model to analyze the failure in adhesive layer between bundles. The stress changes in different layers of bamboo bundles at different time under displacement load were studied. Fiber tensile failure of bamboo bundles mainly occurs in two 0° bamboo bundles layers. The stress peak value of 0° bamboo bundles layer reaches 160MPa.There is no tensile failure in the 90° bamboo bundles layer. Cracking occurs in all three adhesive layers, and the first and third adhesive layer occurs before the second layer. The model established is helpful for the design and application of bamboo glulam.
Introduction
With the rapid economic development, the rapid development of the construction industry, all kinds of high-rise buildings are seen in all the city, the huge demand for building materials appear. Existing building materials are mainly composed of steel, cement, concrete and other materials, which is from natural non-renewable mineral resources, and the production process requires a lot of energy and emit large amounts of gases that have a serious impact on the environment, the social environment, the ecological balance. People increasingly need a green alternative sustainable building materials instead of the traditional reinforced concrete. Wood and bamboo is an option. Compared with wood, bamboo has a short growth cycle, and the gradient distribution of bamboo's longitudinal fibers results in that bamboo is a natural gradient composite material with good tensile and compressive properties in the longitudinal direction and is suitable for building materials.
At present, the representative of the bamboo reorganization/integrated material are: Wansi Fu [1] proposed the original bamboo multi-reorganization to form a column beam. Yushun Li [2] proposed the use of two sheets of bamboo laminated sandwich plate made of composite floor. Qisheng Zhang [3] put forward a laminated bamboo strip manufacturing methods, which was by using adhesive hot pressing bamboo strip into timber. Yongfu Yang [4] proposed a natural hollow structure of bamboo/wood composite panels and manufacturing methods. The bamboo/wood composite panels was used the equivalent diameter of bamboo processing into incomplete quadrangular prism, which was transverse arbitrary spell into honeycomb cross-shaped board. The upper and lower surface pressure veneer were used to form a natural hollow structure bamboo composite sheet. In the prior art, the engineer utilization of bamboo methods included the reorganization by bamboo bundles broken into by bamboo and the reorganization by using whole bamboo. The properties of the bamboo reorganization/integrated material are determined by the properties of the bamboo and the binding properties of bamboo bundles, while the gluing performance of the bamboo and bamboo bundles is decisive for the composites. The experimental method can be used to optimize the design of this new type of bamboo timber, but the experiment takes a long time, and at the same time, it is necessary to achieve a large experimental cost of various parameters in large quantities. Through numerical simulation of bamboo timber is a better choice. To achieve the digital design of bamboo composite bamboo bundle Glulam, it is necessary to solve the mathematical simulation of bamboo binding performance. For this problem, the research group studied the numerical simulation of the cracking damage of bamboo bundles gluing under tensile load. Many scholars have carried out the research for bamboo reorganization and Glulam, who found that compared with the structural wood, bamboo reorganization has the ability to carry larger bending and compressive load, good mechanical properties [5] [6] [7] [8] [9] [10] . Reinforced concrete beams only rely on steel to resist the load when they are flexurally deformed. However, all the bamboo fibers under the middle axis of the reorganized bamboo bear the load and the bearing capacity is relatively large. Finite element simulation has been successfully applied in the design of steel structures and concrete structures. Some scholars used finite element analysis of wood structure design [11] , but the application of finite element method in the field of bamboo reorganization design was rarely reported. In this paper, a three-dimensional finite element model of bamboo bundles Glulam is established to analyze the failure process of the materials, aiming to provide a reference for the design and application of bamboo bundles.
Creation of Mathematical Model
In this paper, bamboo bundels Glulam was made of bamboo bundels, which is made of by sawing the whole bamboo into bamboo clums, and cutting bamboo clums into 4 to 6 bamboo pieces, sparing bamboo pieces into bamboo bundels through the pressure roller. The bamboo pieces were rolled into the middle uneven longitudinal cracks, so that bamboo fibers was maintained in the longitudinal direction and transverse connection between the bamboo bundles were also exits. Bamboo bundels Glulam was to maintain the strength of bamboo vertical fibers, also to realize any size of the integrated assembly. Bamboo bundles after immersing in glue which was the selection of solid content of 15% -20% phenolic glue, immersing time 8-15 minutes, taking out bamboo bundels and placing 5-8 minutes, were layered pavement according to bamboo fiber orientation. Each layer can be designed for 0 0 ,90 0 , etc., the paved bamboo bundles were placed in a mold, were shaped by hot or cold curing. Bamboo bundles Glulam can be seen as multi-layered laminated composite material, is a bi-directional fiber distribution of the anisotropic orthogonal composite material. It is also different from wood and its composites. The most stress theory, Tsai-Wu theory, Tsai-Hill theory and so on are often used to analyzing the wood and its composites. These theories are mostly used for unidirectional laminated materials analysis, rarely used in bi-directional fiber composites.
Damage in the Layer
Due to the bamboo Glulam is similar to composite materials, so this article aplayer the Hashin criteria to determine whether the material failure. Based on the Hashin criterion, an in-plane damage model is established based on continuum damage mechanics. The onset damage and the evolution of the in-plane damage are simulated using the theory of progressive damage analysis. The Hashin criterion considers damage failure mechanisms of seven different modes: compression and buckling of the fiber during tensile failure, fracture of the substrate under transverse tension and shear, crushing of the substrate under lateral compression and shear, in the direction of tension and shearing, the fiber breaks, the matrix delaminates under the axial tensile and shearing of the fiber, and the matrix delaminates in parallel with the stretching and shearing of the layers.
Under the load, when the load to meet the failure criteria, the unit will appear damage failure. The above seven kinds of failure exist in the damaged area, and interrelated, a failure mode will lead to another failure mode. The material failure will be a variety of ways to degenerate. The material undergoes linear elastic deformation prior to the damage, and the stiffness of the material begins to degenerate until the eventual failure. After the material begins to damage, the relationship between stress and strain is:
In the equation, f m 12 21
C is elasticity matrix for material damage, 1 E , 2 E are elastic modulus in the direction of the fiber in the layer and in the direction of the vertical fiber, G is the shear modulus, 12  , 21  are X-Y plane poisson' s ratio respectively.
Damage between Layers
Under the load damage between bamboo bundle layers will occur, the adhesive between layer was simulated using a certain thickness cohesion unit, the interface layer between adhesive layer and bamboo bundles was simulated using zero thickness cohesion unit. A bilinear constitutive model was described by cohesion unit degradation. For the damaged interface layer, before beginning of the damage, it met the linear elasticity of the relationship. When the load of adhesive glue layer reached a certain value, the tensile stress and shear stress of cohesive unite reached to the tensile strength c T , shear stress strength r c  respectively, the adhesive glue layer cracked. The above two kinds of stress will play a role in the cracking of the adhesive glue layer, so in this paper the cohesive tensile stress and shear stress were all considered, the application of secondary stress criterion was applied. The overall cracking displacement of the cohesive element was:
In Eq. 2,
u ,  were the final crack displacement of adhesive glue layer ,the overall stress and strain stiffness, the beginning cracking displacement considering the tensile stress and shear stress, the ratio of shear stress and tensile stress respectively.
Finite Element Model Calculation Results and Analysis
Using the in-plane and inter-layer failure models established, a three-dimensional finite element model of a laminated bamboo bundles was implemented in ABAQUS. The end of model was applied displacement load. YZ and XY symmetrical model were applied. Two layers near glue were defined as contact constraints, and bamboo bundles were made of composite materials.8-node continuous shell unit SC8R was used for bamboo bunched layer, the thickness of the adhesive layer cohesion unit COH3D8 was 0.1mm. The four plies were arranged in accordance with 0°/90°/0°/90°. 
Failure in the Bamboo Bundles Layer
In order to study the damage condition of laminated bamboo bundles glued timber under the action of load, 10 units was selected along the X-axis of the model, and the relationship of the stress of the and time was studied, as shown in Fig.2, Fig.3 . Ten units in the first layer of the bamboo bundles of 0° was used to see the changes of stress at different time. It can be seen that the ten units have the same tendency of change in different positions and their stress firstly increases with time, at 0.002 s the stress reaches to pole 160MPa and then drops to zero, because the material was damaged at this moment and the material failed until it finally failed. For the second layer of 0 0 bamboo bundle in the same location, it can be seen that it was the same as that of the first layer. For the first layer 90°, the bamboo boundels reached a peak stress 50MPa at 0.0025 s and then dropped rapidly. The second layer of 90° layer bamboo boundels 10 units in the same position was selected to examine the stress-variety. It can be seen that the material maximum stress was 45MPa at 0.0025s, then dropped suddenly, the material damage occurred. The stress curve was similar to the first 90° layer of bamboo bundle. (a) fiber tension failure, (b) fiber compression failure From Figure 4 , it can be seen that laminated bamboo bundles will fail under the load, it is mainly due to the damage of the bamboo bundles, which were shown in the tensile and compression damage of the bamboo bundles and the tensile and compression damage of the matrix. By analyzing the failure process of the laminated bamboo bundles, it can be seen that the tensile failure of the bamboo bundles occurred mainly in the 0° bamboo plies 1 and 2, and they occurred simultaneously. Damage occurred at 0.0005s and failed completely at 100% at 0.001s. 90°layers 1 and 2 were not damaged. It can be seen that there was no compression damage of the bamboo fiber in the 0° layer 1 and the bamboo fiber in the 0° layer 2. Bamboo fiber in 90° layer 1 begins to damage at 0.0015s and damage to 0.0024s at 10%. At 90° layer 2, bamboo bundles began to damage at 0.0015s and reached 10% at 0.0024s.
Layers Failure between Layers
Laminated bamboo bundles failure occurred under load. Failure forms not only included bamboo bundles tensile and compression damage failure, matrix tensile and compression damage failure, but also included bamboo bundle layer delamination failure. Once delamination failure between the bamboo bundle layer occurred, the overall material fell failure. A mathematical model describing bamboo bundles layered in this section was established. The bamboo bundles layer size of the model was 60mm×50mm×0.5mm, the size of glue layer was the same as bamboo bundles layer, the thickness of glue layer was 0.2mm. The cohesion unit with a certain thickness was applied between bamboo bundle layer, and zero thickness cohesion unit was applied in the interface between glue layer and bamboo bundle. A bilinear constitutive model was applied in cohesion unit degradation. In this paper, a secondary stress damage criterion was applied considering the cohesive tensile stress and shear stress mixing effect. In ABAQUS, a three-dimensional finite element model of layered bamboo bundles was established. In order to accurately simulate the bamboo bundles layered, a layer of grids was subdivided along the thickness direction, a reduced integral 8-node continuous shell unit (SC8R) was used in the bamboo bundles, a three-dimensional cohesion unit (COH3D8) with a thickness of 0.2 mm was used in the glue layer. For the sample asymmetry, only the 1/4 model was analyzed, the displacement load was applied at the end of model. The failure of the adhesive layer between bundles was shown in figure 5 . From figure 5 , it can be seen that 10 points of the first layer of glue layer was analyzed, at 0.002s time the glue layer began to failure, stiffness degradation factor reached to 1 at 0.0035s, the element of glue layer was degenerated, the glue layer appeared cracking. The second layer showed that the glue layer began to degenerate at 0.0025s, was completely degenerated at 0.0035s, the stiffness coefficient reached 1, and the layer was completely cracked.
Conclusion
In this paper, the failure of laminated bamboo bundle under tensile displacement load is studied. Under the pull displacement load, stress peak value of bamboo bundles 0° first and second layer is 160MPa then it dropped to 0, stress peak value of bamboo bundles 90° first and second layer is 50MPa then it dropped to 0.Tensile failure of the fiber of bamboo bundles mainly occurs in 0° bamboo layer, and happens at the same time. There is no tensile failure in the 90° bamboo layer. No compression failure of bamboo fiber happens. The application of cohesion units between the layers of laminated bamboo bundles timber simulates the cracking of the layers and the damage evolution of the glue layers, and obtains the starting order of the delamination at different positions and the speed of expansion. Cracking occurs in all three layers, and the first and third layer occurs before the second layer.
